We developed a new positive working photosensitive polymer for semiconductor surface coating. Base resins were considered three kinds of heat-resistance polymers and we found that polybenzoxazole precursors(PBO) with photosensitizer diazonaphtoquinones and silicone modified polyamic acids added as adhesion promoters showed excellent patterning properties and film properties. Cured film of this photosensitive PBO also has not only low water absorption and low dielectric constant, but also high adhesion to substrates such as Si02,Si3Nd and molding compounds. The evaluation results of reliability made for this photosensitive PBO on testing elements was the same as that for existing non-photosensitive polyimides; it was found that the photosensitive PBO was on a practical level.
Introduction
Recently, polyimides have been coated on the many semiconductor devices. The principal purposes of semiconductor coating are applied as the passivation layer for mechanical protection to the elements on the devices, the buffer coat for stress relief between the encapsulation material and the device, the interlayer insulation material and so on. The kind of polyimide now in use is moving into negative photosensitive type which is capable of drastic reduction of the processing steps from non-photosensitive type. However, along with the recent trend of higher integration of semiconductor devices, it is difficult to meet the demand for higher resolution year by year and furthermore, the step to the environment is getting important lately. From above standpoint, positive working photosensitive polymer which has the capacity for higher resolution and can use aqueous solutions for developer has been developed. The positive working photosensitive polymers are of type[l] consisting of polyamic acids and diazopnaphtoquinones, of typei2] consisting of ring-closure type soluble polyimides including hydroxyl groups and diazonaphtoquinones, of type [3] consisting of PBO precursors and diazonaphtoquinones, etc. This paper describes a method of synthesizing a positive working photosensitive polymer with PBO precursors used as a base resin, its photolithographic properties, film properties, the result of discussion of how to put it to practical use,etc.
2. Experiment 2.1. Materials PBO precursors were prepared by synthesizing aromatic acid chloride and bis-aminophenols in N,N-dimethyl acetoamide sol.vent [4] . PBO precursors were purified by ion-exchange resins. Photosensitizer diazonaphtoquinones were obtained by reacting the bis-phenol. As adhesion promoters we use polyamic acids consisting of aromatic acid anhydrides and silicone diamines. Table l shows a typical patterning process.
Evaluation of patterning

Film properties
We measured mechanical properties, heat resistance, and electrical properties of the photosensitive PBO film applied on silicone wafers or aluminium foils so that it would be about J. Photopolym. 5c1. Technol., Vo1.10, No. 2, 1997 5 ll m thick after curing at temperature raised up to 320°C, and peeled off them.
. Evaluation of adhesion to substrates
We made the pressure cooker test (PCT)(125°C, 2.3atm) for the photosensitive PBO film applied on substrates so that it would be about 5 ji m thickness after curing and cured at temperature raised up to 320°C . We made one hundred squares on the cured film, made the peel test by using an adhesion type and counted the number of squares peeled off.
Evaluation of adhesion to molding compounds
We applied the photosensitive PBO film on silicone wafers so that it would be about 5 jt m thick after curing and cured it at temperature raised up to 320°C . Then we prepared 2mm X 2mm X 2mm epoxy molding compounds for semiconductors by transfer molding and cured at 175°C X 8 hours. After 24-hour PCT treatment we measured shear strength by universal tensilon tester. 2.5. Evaluation of reliability W e applied the photosensitive PBO on evaluating test elements followed by exposure and development and raised temperature up to 320°C to cure it. Then we cut out a silicon wafer and mounted it on a lead frame at 150°C /6omin by using silver filled die attach paste. After that we packaged it in the epoxy molding compounds for semiconductors to prepare evaluating samples. The positive working photosensitive polymer consisting of polyamic acids and diazonaphtoquinones had good cured film
properties, but had high film loss in the unexposed parts during development and low pattern accuracy. This is explained that the absence in polyamic acids of phenolic hydroxyl groups which snows dissolution inhibition characteristics occurring in reactionn with diazonaphtoquinones and the presence of carboxylic acids as functional groups. Soluble polyimides including hydroxyl groups showed relatively good patterning properties, but were inferior in resistance to solvents and resistance to humid-adhesion after curing. This is because water absorption becomes high due to hydroxyl groups remaining in the polymer structure even after curing and resistance to humid-adhesion lowers.
On the other hand, PBO precursors had excellent patterning properties and cured film
properties. This can be explained by the fact that hydroxyl groups useful for development before curing in the polymer structure close their ring in curing and disappear.
So we chose the PBO precursors as a base resin and made development. We further examined various silane coupling agents and adhesion promoters to obtain higher adhesion and found that polyamic acids consisting of some aromatic acid anhydrides and silicone diamines were useful for it and added this polyamic acids PBO followed by evaluation. 3.2. Photosensitive properties Fig. 1 shows characteristics curves of the photosensitive PBO. We coated on a silicone wafer with the photosensitive PBO so that film thickness would be 7.5 u m after prebake and made exposure and development by mask alighner, g-line stepper and i-line stepper, respectively. This is, measurement on each of the exposure equipments showed that the sensitivity was sufficient for practical use.
Taking into account Table 2 shows film properties of the photosensitive PBO. In order to evaluate cured film properties, we synthesized ester type photosensitive polyimides [5] for comparison with negative type photosensitive polyimides. The photosensitive PBO is superior to the ester type photosensitive polyimide in low dielectric Cross section of the photosensitive PBO patterns after curing constant and low water absorption. This can be explained by the presence of special monomers composing PBO precursors.
These features are useful especially in surface coating of high-speed performance devices, interlayer dielectric like MCM.
Other properties are thought to be almost the same as those of ester type photosensitive polylmides. Table 2 Cured film properties 3.4. Adhesion properties Table 3 shows the result of the adhesion to the substrates by peel test.
The photosensitive PBO has no peeling of SiO2, Si3N4 and aluminium even after PCT treatment for 1000 hours; it has good adhesion.
On the other hand, the photosensitive PBO without silicone modified polyamic acid and adhesion promoters, peel off before PCT treatment. Table 3 Adhesion properties to substrates'
Adhesion to molding compounds
The adhesion to the molding compounds was evaluated by molding the molding compounds on cured coating film and measuring adhesion strength under shear. Fig.5 shows the results. The photosensitive PBO exhibits less deterioration after PCT treatment than non-photosensitive polyimides and ester type photosensitive polyimides and has high adhesion properties.
The photosensitive PBO without adhesion promoters has very low shear strength. Excellent adhesion of the photosensitive PBO after PCT is explained by addition of adhesion promoters and its low water absorption.
Result of evaluation of reliability
Evaluation of reliability test was made by using a test element. This is an element with aluminium writing arranged in the form of circuits; the percentage of rejects can be evaluated by open defectives caused by impurities of polyimides, etc. This testing elements has no passivation film and is coated with polyimides directly for acceleration of defectives. Fig,6 shows the results. The percentage of rejects of the photosensitive PBO is lower than that of ester type photosensitive polyimide and almost the same as that of nonphotosensitive polyimide; the photosensitive PBO is considered to he on a level of practical use Evaluation of reliability for• coating materials This photosensitive PBO can be applied not only to surface coating, but also to interlayer dielectric like MCM.
